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IMMERSION LITHOGRAPHY PROCESS AND MASK LAYER STRUCTURE 

APPLIED IN THE SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a lithography process. More particularly, the 
present invention relates to an immersion lithography process and a mask layer structure 
applied in the same. 

5 

Description of the Related Art 

[0002] Lithography is one of the most important techniques utilized in semiconductor 
manufacture, and is used in any process required to define patterns, such as a wafer 
layer patterning process or a doped-region defining process. A lithography process 

10 generally includes an exposure step and a development step, wherein the exposure step 
utilizes a light source to irradiate a photoresist layer directly or through a photomask to 
induce chemical reactions in exposed portions. The development step is conducted to 
remove the exposed portion and form photoresist patterns, thus completing the transfer 
of photomask patterns or virtual patterns. 

15 [0003] Among various lithography techniques, the immersion lithography technique has 
been well developed to cope with the miniaturization of IC devices accompanying with 
the increase in degree of IC integration. An immersion lithography process is 
conducted in a liquid-phase environment, and has a higher resolution because the 
refractive index of a liquid is closer to that of the photoresist material as compared with 
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air. Therefore, the dimensions of IC devices can be reduced with the immersion 
lithography technique. 

[0004] However, since the photoresist layer directly contacts with the immersion liquid 
during the exposure step of an immersion lithography process, the immersion liquid is 
5 easily contaminated by the chemicals out-diffusing from the photoresist layer. The 
immersion liquid may also diffuse into the photoresist layer and alter the properties of 
the latter. Therefore, the critical dimension and the uniformity of the photoresist 
patterns are adversely affected. 

10 SUMMARY OF THE INVENTION 

[0005] In view of the foregoing, this invention provides an immersion lithography 
process capable of preventing contamination of the immersion liquid caused by 

out-diffusion of the chemicals in the photoresist layer. 

[0006] This invention further provides a mask layer structure applied in the immersion 
15 lithography process of this invention. The mask layer structure is capable of 
preventing out-diffusion of the chemicals in the photoresist layer into the immersion 
liquid and diffusion of the immersion liquid into the photoresist layer. 
[0007] An immersion lithography process provided in this invention includes the 
following steps. A photoresist layer is formed on a material layer, and then a protective 
20 layer is formed on the photoresist layer. An immersion exposure step is conducted to 
define an exposed portion and an unexposed portion in the photoresist layer. A 
solubilization treatment is then performed to solubilize the protective layer on the 
exposed portion of the photoresist layer. A development step is conducted to remove 
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the exposed portion of the photoresist layer and the protective layer thereon to 
simultaneously pattern the photoresist layer and the protective layer. 
[0008] Another immersion lithography process provided in this invention includes the 
following steps. A photoresist layer, an acid supplying layer and a protective layer are 
5 sequentially formed on a material layer. An immersion exposure step is then 
conducted to define an exposed portion and an unexposed portion in the photoresist 
layer, while acid is produced in the exposed portion of the acid supplying layer. A 
solubilization treatment is performed to make the acid produced in the exposed portion 
of the acid supplying layer diffuse into the protective layer thereon and the unexposed 
10 portion of the photoresist layer. A development step is ttien conducted to 
simultaneously pattern the protective layer, the acid supplying layer and the photoresist 
layer. 

[0009] The mask layer structure applied in the immersion lithography process of this 
invention includes a photoresist layer disposed on a material layer and a protective layer 
15 disposed on the photoresist layer. In another embodiment, the mask layer structure 
further includes an acid supplying layer between the photoresist layer and the protective 
layer. 

[0010] Since the photoresist layer is covered with a protective layer, the chemicals in 
the photoresist layer are prevented from diffusing into the immersion liquid and the 
20 immersion liquid is prevented from diffusing into the photoresist layer. That is, this 
invention is capable of solving the problem of mutual diffusion between the immersion 
liquid and the photoresist layer that is encountered in the prior art. 
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[0011] Moreover, the protective layer can be patterned simultaneously in the 
development step of the photoresist layer without any additional removal step. 
Therefore, the whole lithography process is not complicated. 

[0012] Furthermore, when an additional acid supplying layer is disposed between the 
5 protective layer and the photoresist layer, the acid produced in the acid supplying layer 
in the exposure step will diffuse to the protective layer on the exposed portion and the 
unexposed portion of the photoresist layer in the subsequent solubilization step. 
Therefore, not only the protective layer can be pattemed simultaneously in the 
development step, but also the dimension of the photoresist pattern can be reduced. 
10 [0013] It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 [0014] The accompanying drawings are included to provide a further understanding of 
the invention, and are incorporated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, together with the description, 
serve to explain the principles of the invention. 

[0015] FIGs. lA-lD illustrate the steps of an immersion lithography process according 
20 to a first embodiment of this invention in a cross-sectional view. 

[0016] FIGs. 2A-2E illustrate the steps of an immersion lithography process according 
to a second embodiment of this invention in a cross-sectional view. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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[0017] The preferred embodiments of this invention will be described in reference of 
the drawings. It is to be understood that the preferred embodiments are provided to 
further explain the principles of this invention but not to restrict the scope of this 
invention. 
5 First Embodiment 

[0018] FIGs. lA-lD illustrate the steps of an immersion lithography process according 
to the first embodiment of this invention in a cross-sectional view. Referring to FIG. 
lA, a material layer 102 is provided first. The type of the material layer 102 is not 
particularly restricted, and the material layer 102 can be any type of layer that requires a 
10 patterned photoresist layer for further processing. For example, the material layer 102 
can be a layer to be patterned, which may be a dielectric layer or an electrically 
conductive layer. The material layer 102 may altematively be a layer to be implanted 
with ions, such as the surface layer of a silicon wafer, a dielectric layer or an electrically 
conductive layer. 

15 [0019] Referring to FIG. lA again, a photoresist layer 106 is formed on the material 
layer 102. The material of the photoresist layer 106 is, for example, an existing 
photosensitive resin composition, and the method for forming the same may include a 
spin-on step and a baking step. An anti-reflection coating (ARC) 104 can also be 
formed on the material layer 102 prior to the photoresist layer 106. The ARC 104 is 

20 constituted of an organic or an inorganic material, and is formed to prevent reflective 
light from the surface of the material layer 102 that would interfere with the incident 
light in the photoresist layer 106 to produce standing waves affecting the profile of the 
photoresist patterns. 
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[0020] Referring to FIG. lA again, a protective layer 108 is formed on the photoresist 
layer 106. The method for forming the protective layer 108 can be a coating method or 
any other suitable method. 

[0021] Referring to FIG. IB, an immersion exposure step is performed within an 
5 inunersion liquid to define exposed portions 106a and unexposed portions 106b, 
wherein the exposure light source can be any existing light source having a required 
wavelength. The exposure light beam 110 may irradiate on the photoresist layer 106 
through a photomask (not shown) and the protective layer 108 or directly through the 
protective layer 108, while the latter method is called a direct-writing method. Since 
10 the immersion exposure step is conducted in a liquid that has a refractive index closer to 
that of the photoresist layer 106 as compared with air, the resolution of the exposure 
step can be improved. 

[0022] It is particularly noted that the protective layer 108 is capable of preventing 
out-diffiision of the chemicals in the photoresist layer 106 into the immersion liquid and 
15 diffusion of the immersion liquid into the photoresist layer 106. Therefore, the 
immersion liquid will not be contaminated by the chemicals in the photoresist layer 106, 
and the properties of the photoresist layer 106 will not be altered by the immersion 
liquid. 

[0023] Referring to FIG. IB again, in the immersion exposure step, specific 
20 photo-chemical reactions occur in the exposed portions 106a of the photoresist layer 
106 so that the exposed portions 106a are soluble in the development liquid. In a 
preferable embodiment, acid is produced in the exposed portions 106a of the photoresist 
layer 106 altering the polarity of the same in the immersion exposure step, so that the 
exposed portions 106a are turned to be hydrophilic firom a hydrophobic state. 
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[0024] Referring to FIG. IC, a solubilization step is performed to alter the properties of 
the protective layer 108 on the exposed portions 106a of the photoresist layer 106 so 
that the corresponding portions of the protective layer 108 are soluble in the 
development liquid. In a preferable embodiment, the solubilization step may include a 
5 baking step that makes the acid produced in the exposed portions 106a of the photoresist 
layer 106 diffuse into the overlying protective layer 108, as indicated by the arrows 112 
in FIG. IC. The properties of the corresponding portions of the protective layer 108 
will be altered by the acid. For example, the corresponding portions of the protective 
layer 108 may turn to be hydrophilic form a hydrophobic state. 

10 [0025] Referring to FIG. ID, a development step is conducted to remove the exposed 
portions 106a of the photoresist layer 106 and the protective layer 108 thereon, leaving 
the unexposed portions 106b of the photoresist layer 106 and the protective layer 108a 
thereon. Since the exposed portions 106a of the photoresist layer 106 and the 
protective layer 108 thereon have been made soluble in the development liquid through 

15 the exposure step and the solubilization step, respectively, they can be removed 
simultaneously in the development step. Therefore, no extra step is required to remove 
the protective layer 108 before the development step. 

[0026] Thereafter, an etching process or an ion implantation process can be conducted 
using the photoresist patterns 106b and the protective layer 108a as a mask. 
20 [0027] It is particularly noted that when the photoresist pattems 106b are used as an 
etching mask, the thickness of the etching mask layer is increased because the 
photoresist pattems 106b are covered with a protective layer 108a. Therefore, the 
etching resistance of the etching mask layer can be enhanced. 
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[0028] In the above embodiment, the protective layer on the exposed portions of the 
photoresist layer is solubilized by the acid produced in and diffusing from the 
photoresist layer, so that the protective layer can be patterned simultaneously in the 
development step without complicating the whole patterning process. In the following 
5 embodiment, however, the corresponding portions of the protective layer are solubilized 
by the acid produced in and diffusing from an acid supplying layer between the 
photoresist layer and the protective layer. Since the acid produced in the exposed 
portions of the acid supplying layer also diffuses to the unexposed portions of the 
photoresist layer, the dimension of the photoresist pattern can be reduced accompanying 
10 with the patterning step of the protective layer. In the following descriptions, the same 
or similar layers or steps that have been mentioned above are labeled with the same 
reference numbers and are not explained again. 

Second Embodiment 

15 [0029] FIGs. 2A-2E illustrate the steps of an immersion lithography process according 
to the second embodiment of this invention in a cross-sectional view. Referring to 
FIG. 2 A, a photoresist layer 106 is formed on a material layer 102 with an optional 
anti-reflection coating 104 between them. Thereafter, an acid supplying layer 202 and 
a protective layer 108 are sequentially formed on the photoresist layer 106, wherein the 

20 acid supplying layer 202 is capable of producing acid with photo-irradiation. 

[0030] Referring to FIG. 2B, an immersion exposure step is performed to define 
exposed portions 106a and unexposed portions 106b in the photoresist layer 106. In 
the exposure step, acid is produced in the exposed portions of the photoresist layer 106 
and the acid supplying layer 202, so that the exposed portions 106a of the photoresist 
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layer 106 are made soluble in the development liquid applied later. In a preferable 
embodiment, the exposed portions 106a of the photoresist layer 106 is turned to be 
hydrophilic from a hydrophobic state. 

[0031] Referring to FIG. 2C, a solubilization step, which may include a baking 
5 treatment, is performed to make the acid produced in exposed portions of the acid 
supplying layer 202 diffuse to the overlying protective layer 108, as indicated by the 
arrows 1 12a. The acid also diffuses to the unexposed portions 106b of the photoresist 
layer 106, as indicated by the arrows 1 12b. Consequently, not only the protective layer 
108 over the exposed portions 106a of the photoresist layer 106 is made soluble, but 

10 also the sidewall portions of the unexposed portions 106b of the photoresist layer 106 
are made soluble in the development liquid. Therefore, the dimension of the 
unexposed portions 106b of the photoresist layer 106 is reduced to form narrowed 
unexposed portions 106c in the photoresist layer 106, as shown in FIG. 2D. 
[0032] Referring to FIG. 2E, a development step is conducted to remove the exposed 

15 portions 106a of the photoresist layer 106 and the protective layer 108 and the acid 
supplying layer 202 thereon, leaving the narrowed unexposed portions 106c and the 
protective layer 108a and the acid supplying layer 202a thereon. Since the exposed 
portions 106a of the photoresist layer 106 and the protective layer 108 thereon have 
been made soluble in the development liquid through the exposure step and the 

20 solubilization step, respectively, they can be removed simultaneously in tfie 
development step. Therefore, no extra step is required to remove the protective layer 
108 before the development step. Moreover, since the acid produced in the acid 
supplying layer 202 also diffuses to the unexposed portion 106b of the photoresist layer 
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106 (FIG. 2C) to solubilize its sidewall portions, the dimension of the photoresist 
pattern 106c can be reduced (see FIG. 2C and FIG. 2E). 

[0033] Similar to the case of the first embodiment, an etching or ion implantation 
process can be conducted using the photoresist patterns 106c, the protective layer 108a 
5 and the acid supplying layer 202a as a mask after the above steps. 

[0034] In the second embodiment, an acid supplying layer 202 is further disposed 
between the photoresist layer 106 and the protective layer 108 except that the protective 
layer 108 is formed covering the photoresist layer 106. Therefore, not only the 
advantages mentioned in the first embodiment are obtained, but also the dimension of 

10 the photoresist pattern can be reduced to facilitate the miniaturization of IC devices. 

[0035] In both the first and the second embodiments mentioned above, the mask layer 
structure applied in the immersion lithography process essentially includes a photoresist 
layer 106 and a protective layer 108 thereon. The protective layer 108 can prevent the 
chemicals in the photoresist layer 106 fi:om diffusing into the immersion liquid and 

15 prevent the immersion liquid diffusing into the photoresist layer 106, and can be 
patterned simultaneously in the development step of the photoresist layer. Moreover, 
an anti-reflection coating 104 may be formed prior to the photoresist layer 106 to 
improve the effects of the exposure step. In the second embodiment, the mask layer 
structure further include an acid supplying layer 202 between the photoresist layer 106 

20 and the protective layer 108 for solubilizing selected portions of the protective layer 108 
as well as reducing the dimension of the photoresist pattern. 

[0036] As mentioned above, it is possible to prevent the chemicals in the photoresist 
layer from diffusing into the immersion liquid and prevent the immersion liquid from 
diffusing into the photoresist layer by utilizing this invention. Therefore, this invention 
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is capable of solving the problem of mutual diffusion between the immersion liquid and 
the photoresist layer that is encountered in the prior art. Moreover, since the protective 
layer can be patterned simultaneously in the development step of the photoresist layer, 
no extra step is required to remove the protective layer. Therefore, the whole 
5 patterning process is not complicated. 

[0037] Furthermore, with an additional acid supplying layer between the protective 
layer and the photoresist layer, not only the protective layer can be patterned 
simultaneously in the development step, but also the dimension of the photoresist 
pattern can be reduced. In addition, since the photoresist pattern is covered with a 

10 protective layer, the etching resistance of the mask layer is higher. 

[0038] It is also noted that this invention is entirely compatible with current immersion 
lithography processes. In other words, the immersion lithography process of this 
invention can utilize the exposure light sources and the photoresist materials that are 
used in current immersion lithography processes. 

15 [0039] It will be apparent to those skilled in the art that various modifications and 
variations can be made to the structure of the present invention without departing from 
the scope or spirit of the invention. In view of the foregoing, it is intended that the 
present invention covers modifications and variations of this invention provided they 
fall within the scope of the following claims and their equivalents. 

20 
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